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Tabulation of uranium and thorium data on Mesozoic-Cenozoic 

intrusive rocks of known chemical composition in Colorado

by 

George Phair and Lillie B. Jenkins

Commentary

Scooe of this tabulation. The purpose of this tabulation is to make 

available analytical data, for the most part previously unpublished, on 

scne 250 Mesozoic-Cenozoic intrusive rocks in Colorado for use in assessing 

the "nagnatic" uranium potential of areas involved in the search for
<3/'yiT

oitchblende deposits of Classes I and II of Sonic and Sheridan (1964, p. 

22). Such deposits, unlike those of Class III, aopear to share a 

comon nagmatic origin with the uranium concentrated in the associated 

igneous rocks of closely related age. These deposits are, therefore, 

consanguineous with the intrusives in contrast to deposits of Class III. 

As will be^escribed in subsequent reports, the uranium in class III 

deposits is inferred to have been "exoqenic" in origin derived by 

processes of hydrothermal secretion from much older and otherwise 

genetically unrelated granitic wall rocks without passing through a 

n:acinaffc medium



Class I deposits (uraniur bearing fluorite deposits) and class II 

deposits (uranium bearing base -etal veins) are found within the Front 

Range segment of the Colorado Mineral Belt as shoots and pods in veins 

mined previously for other constituents particularly Ag, Au, Pb, Zn, Cu, 

and fluorite. Class I and class II uranium deposits are related to 

concentric zoning patterns centering about centers of "porphyry!* intru-
j. Ail:*-; fy

sion in the Jamestown and Central City Oistrics, and arejocalized along
X

relatively small NE-SW faults, .the youngest of the two main groups of 

faults in the region. On the basis of those isotopic Pb/U age determin 

ations on pitchblendes that aporoach concordancy reasonably closely, it 

is considered likely that deposits of class II may have post dated 

those of class III by 13-13 m.y.

In contrast to deposits of classes I and II, those of Class III 

are found outside of, or on the fringes of, the mineral belt commonly 

isolated from outcrops of known Mesozoic-Cenozoic intrusives. Sulfide is 

much less abundant in these deposits than in those of classes I and II, 

and they have been worked exclusively for their uranium content. Unlike 

most deposits of class II which aooarently formed at considerably higher
JT//77-5*

temperatures (Sonis- and Barton, 1961) many deposits of class III contain
/r?i>/r>S/

coffinite in addition to pitchblende. Deposits of Class III are local-/\

fzed along the NW-SE trending Breccia Reef system, a complex of profound 

faults that comprise the earliest fractures in the Front Range (Levering 

and Goddard, 1950).



The tabulated data coaoled with extensive mineralogical studies 

Drovide the basis for a detailed companion paper analyzing:

(1) origin and diversification of the early magmas in Colorado

(2) macmatic differentiation in the separate magma series and 

sub series

(3) the parts played by (a) crystal fractionation, (b) assimila-' 

tion and (c) aqueous fluids in the fractionation of uranium 

and thorium 

This paper is now in preparation.



/£j*ff£ir / S? ?<*<:

Aroal, temporal 'Qfvd--ehefitfea4-iTra^ma-tfc-su-bdiVi-sicrns.  The separate areas 

of Intrusion examined in this report are subdivided into major geographic 

units reoresented by (1) the Central Front Range east of the Continental 

Divide (tables 1-11) an area characterized by an abundance of vein-type 

uranium deposits, (2) the Front range exclusive of the east-central 

region (Table 12), (3) the Wet Mountains, the southern continuation of
&f Me &*/,'  ,*» ^fr/Jbysff.".-* /?/«* ?ty*

the Front Range (Table 13), (4) the individual ranges of the Front Range-~ 'i

Wet Mountains axis (Tables 14-17), and (5) the eastern border of the 

Colorado Plateaus (Table 18).

The data for subdivisions 3-5 are of a reconnaissance nature, 

but are adequate to establish that magmatic uranium and thorium enrich 

ment does not occur on any scale comparable to that in the Central Frontv*

Range throughout this broad region. Individual intrusives containing 

n:cre than 2 x the uranium and thorium conten/ts typical of the world wide 

average for calc alkalic rocks of equivalent composition were not 

found throught this region, but the possibility cannot be ruled out that

isolated enriched rocks may not turn up in the future. In particular,
Xirr/f?

more data on the igneous rocks is needed in the Leadville-St. -Kovan-

Clriax region. The data for the Front Range is considerably more 

detailed-and the patterns of uranium and thorium enrichment seem to be 

solfdly based in terms of span, time and geochemistry.



The intrusives of the major geographic units are in turn subdivided; 

wherever possible, in terms of bulk chemistry, space and time, into j 

petrographic provinces, sub provinces, and separate centers of intrusion. 

The chemical and normative data for each intrusive suite or separate 

center of intrusion are listed in the tables in order of increasing 

Si02 content.

The tables show that potential uranium target areas as defined 

on the basis of higher than normal magmatic uranium are largely confined 

to the Front Range Province and in particular to that part of the 

Central Front Range lying east of the Continental Divide. This region 

includes most of the known vein type uranium deposits in the state.

The classification of the Mesozoic-Cenozoic igneous rocks of the 

Central Front Range used in the tables listed in order of generally : 

decreasing age is as follows: (1) early mafic magmas (2) composite 

phaneritic stocks plutonic in texture and mineralogy, (3A) porphyritic- 

aphanitic stocks hypabyssal in texture and mineralogy, (3B) dikes and 

sills related to the porphyritic-aphanitic stocks, and (4) late stage 

CaO-poor differentiates. The magmatism was notable for the wide 

variety of chemical types distinguishable by differences in Peacock 

indices that were intruded in a relatively small region approximately . .

80 km long'by 80 km wide over the short space of ' - 25 mry. according      j-
to K-Ar age determinations compiled by Marvin, Young, Mahnert, and ' {
Naeser (1974). Magma series of no less than 7 distinct chemical types
are found in the area of the Central Front Range east of the Continental
Divide, an area of roughly 50 x 50 km^. Of these 7 magma types, the
sodic alkalic, and the sodic alkali calcic sub series together with the ;
CaO-poor late stage differentiates, the end members of the sodic alkali- !
calcic line of de.scent contain markedly more uranium and thorium than do :
the remaining types including tholeiitic, potassic alkalic, potassic
alkali calcic, and alkali calcic transitional into calc alkalic.



Ranked in order of increasing average uranium concentration without 

regard to relative stage of differentiation, the separate igneous suites 

fall in the following order:

1) Tholeiitic - tholeiitic andesite subseries represented by the 
*V 

62 -ails-long Iron Dike. Uranium, 0.4-2.6 ppm

2) alkalic potassic series, represented by the nepheline-bearing 

onaneritic audubon-albion stock. Uranium, 0.8-3.0 ppm.

3) Alkali calcic potassic subseries, a wide snread suite repre 

sented by the latite flows of Table Mountain, by a latite dike near 

Rollinsville, and by the phaneritic Caribou and North Bryan Mountain 

stocks. Uranium 0.7-7.6 ppm.

4) alkali calcic subseries transitional into calc alkalic 

reoresented by a phaneritic hornblende granodiorite stock at Jamestown 

and presumably by dikes and sills of dellenite and biotite quartz latite 

along the adjacent mountain front. Uranium 2.1-5.5 ppm.

5) alkali calcic, sodic subseries includes the phaneritic Bryan 

Mountain granodiorite stock as well as the great majority of the abundant 

porphyritic-aphanitic stocks and dikes that give the "porphyry belt" 

its name. Uranium 1.3-19.0 ppm

6) alkalic sodic subseries represented by the phaneritic nepheline 

bearing Empire stock Uranium 3.8-18.00 ppm.

7) late stage CaO-poor dikes the end product of magmatic differ 

entiation along the alkali calcic sodic line of descent, Uranium 7.0 - 

133.6 pran



The fact that the intrusives enriched in uranium are even more 

highly enriched in thorium   a constituent absent from the metal 

bearing veins in this region^is only one of several lines of evidence 

that lead to the conclusion that the uranium is an original constituent 

of the rocks present prior to final consolidation, and not a later 

addition brought about by wandering hydrothermal solutions or by 

weathering solutions genetically unrelated to the crystal!izaiton of 

the intrusives.



Magmatic differentiation as relatedAthe fractionation of

uranium and thorium

To take into account the effect of magmatic differentiation upon 

the fractionation of uranium and thorium when separate subseries are 

compared, a means must be found to equate the uranium results to the 

same stage of magjsMtic evolution. The uranium and thorium contents at 

the Peacock Index (U p T Thp T ) as estimated from variation diagrams
* » X   9 r   A  

provide such a common base for comparison and in addition yield a

measure of the magmatic uranium potential of a given early magma that

can be compared with those of other magma series or subseries. In the

Front Pxange Province, the Peacock Index tends to lie/ at or close to the
£- 

composition points representing the earliest members of anyone chemical

subprovince. Table 19 makes possible comparison of uranium potentials 

among the early mafic magmas and the related early members of the 

phaneritic stocks.

Because uranium and thorium tend to be stored up in the residual 
magma during fractional crystallization any small "excess" of the con 
stituents present at the early stage represented by the Peacock Index 
is potentially capable of undergoing multiplication many times over 
by the time the end member of the particular subseries has differentiated. 
The precise multiplication factor would depend upon the intensity of the 
crystal fractionation. Similarly,to the extent that fractional crystal 
lization, per se, was the dominant mechanism throughout the differenti 
ation of any one subseries, a generally progressive build up of . 
uranium and thorium concentration within the limits of scatter of the
analytical data, would be expected. The characteristic differences in 
patterns obtained v/here uranium and thorium are plotted against SiC^ for 
the seoarate subseries throws light upon the efficacy of fractional 
crystallization, per se, as a magmatic concentrator of uranium and 
thorium.

8



When the U-SiCU and Th-SiC^ curves for the separate subseries are 

compared, a progressive buildup of uranium and thorium is noted only for 

those strongly differentiated phaneritic suites that hav^Up^ and Thp^j 

in a relatively low range. In those phaneritic subseries that show a 

distinct inital enrichment in uranium and thorium at the Peacock Index, 

the pattern of uranium and thorium fractionation are more complex, 

indicating that other agents in addition to fractional crystallization 

have had an influence on the concentration of uranium and thorium in 

the magma. Uranium and thorium v/hen plotted against SiC^ for each 

enriched series show double maxima separated by a minimum. The first 

maximum developed very early in the intrusive sequence (50-54 percent 

81*02) apparently by reaction of mafic magma with wall rocks unusually 

enriched in uranium and/or thorium.



Wall rocks as a source for above normal concentrations

of uranium and thorium in the enriched magmas 

The evidence for initial enrichment by incorporation of uranium 

and thorium from the wall rocks is as follows:

1} Up j values of the separate phaneritic stocks that intrude 

metasediments when plotted against the average uranium contents of the 

metasedimentary wall rocks show a rising trend.

2) Thp j values of the four phaneritic stocks that intrude
.//*«  

significant sections of thorium-rich Silver Plume granite -a*- distinctly

higher than the Thp j values for those that intrude wall rocks of 

lower thorium content. The one exception to this rule is the relatively 

thorium-rich Bryan Mountain stock which is not known to intrude thorium 

-rich country rocks at the present erosion level.

3) Thp^ values for the four phaneritic stocks that intrude 

thorium-rich Silver Plume granite when plotted against the average 

thorium content of the granite fall along a straight line of positive 

slope with little scatter.

Among the later differentiates, geochemical and spatial relation-
J<f/',» So

ships that link at least part of the excessive uranium and thoriumA -

enrichment shown by the CaO-poor bostonites and quartz bostonites to

of uraninite-bearing pegmatitic Silver Plume granite in the 

Central City District will be described in a later section.

10



While the uranium and thorium contribution of the wall rocks to 

the fractionation process is clear, it is equally clear that the same 

wall rocks produced little or no change in the over-all bulk composition 

of the magma. Assimilation is believed to have been important in 

shaping the paths of magmatic differentiation of the intrusives in
&&*Ttr

general, but it is inferred to have operated at depth. The phaneritic 

stock showing the highest levels of uranium (3.0 - 18.0 ppm) and 

thorium enrichment (18.3 - 73.3 ppm) is the Empire stock which intrudes 

the type Silver Plume batholith the most thorianiferous (average Th, 

79.1 ppm) of the 11 Precambrian granitic batholiths in the Front Range

(Phair and Gottfried 1963). Uranium and thorium reached their peaks
//? 

(18.0 and 73.3 ppm respectively, in the Empire stock -w4-th the earliest

members of the intrusive sequence. The same members represent nepheline 

highs for the intrusive sequence, hence assimilation of Silver Plume 

granite could not have exercised a major control in the composition 

of the intruding magma. Plainly, a medium must be found capable of 

extracting uranium and thorium from the wall rocks and introducing it 

into the magma without introducing at the same time major quantities of 

other rock forming constituents. An aqueous gas phase developed 

during the emplacement of the enriched intrusives is inferred to pro 

vide such a medium.

11



The role of an aqueous medium in the transfer and reconcentration 

of uranium and thorium in the magma.s

The evidence for an aqueous gas phase as an agent for the recon 

centration of uranium and thorium may be summarized as follows:

1) fluorite, a constituent of those rocks most enriched in 

uranium and as a rough rule, the greater the enrichment the more 

abundant the fluorite. In all examples, including the sodic alkalic 

phaneritic stock at Empire, and the CaO-poor late stage differentiates 

at Central City and Jamestown the fluorite occupies spaces in the 

texture interstitial to feldspars and is definitely not crosscutting.

2} In the relatively unenriched rocks typical of the potassic 

alkalic calcic stocks the hydrous mafic minerals hornblende and/or 

biotite are abundant in the earliest members and increase in abundance 

at the expense of augite throughout the subsequent course of differ 

entiation. In the alkali calcic phaneritic stock transitional into 

calc alkalic at Jamestown, hornblende is the dominant mafic mineral in 

the earliest member and is the exclusive mafic mineral throughout the
cut

succeeding sequence. Through^ the differentiation of these relatively 

unenriched subseries the different mafic minerals put in their appear 

ances in the order predicted by Bowen's reaction series

augite  *  hornblende  *  biotite

The conclusion is that in the unenriched phaneritic series much of 

the H20 content of the magmas became locked up in hydrous mafic minerals 

and relatively little was left over £o form a separate gas phase during 

crystallization.

12



In contrast to the less enriched phaneritic stocks, the more 

uraniferous porphyritic-aphanitic stocks are characterized by reversals 

in Bowens mafic reaction series, the anhydrous phase sodian augite 

replacing biotite and/or hornblende. Not uncommonly all three minerals
ri'mmtsi f)

are present and -remaining relations indicate formation in the paragenetic 

sequence.

biotite  »  hornblende -* sodian augite

Such a sequence is strong evidence for progressive de-volatilization 

during crystallization.

3) In the unenriched phaneritic stocks plagioclase and alkali 

feldspar is of low structural state. In the enriched phaneritic stock 

at Empire the plagioclase is of mixed origin, some being of higher 

structural state, and some of lower. In the enriched porphyritic- 

aphanitic stocks and dikes all feldspars, both plagioclase and alkali 

feldspar are of higher structural state. (Phair and Fisher, 1962). 

Such differences in structural state of the feldspars are to be expected 

as a consequence of de-volatilization.

13



4} Border zones of hydrothermal alteration marked by the 

zation of plagioclase, and the decomposition of mafic minerals in the 

wall rocks ccnmonly surround, all or in part.the enriched porphyritic- 

aphanitic stocks. Such zones are lacking from the borders of the 

phaneritic stocks. Instead the phaneritic stocks are surrounded by thermal 

aureoles in which recrystallization took place essentially isochemicaHy, 

and resulted in alkali feldspar of relatively high structural state 

close to the intrusion. (Hart, 1964). Crystallization of the phaneritic 

stocks in a relatively closed system is indicated.

5) Particularly within the Central City and Jamestown centers 

of intrusion the relatively enriched porphyritic-aphanitic stocks and 

dikes show the effects of albitization - a phenomenon generally consid 

ered to be tied to late stage aqueous fluids developed under conditions 

of relatively low confining pressure.

14



The separation of an aqueous gas phase from the partly crystallized 

magma is inferred to have served a dual function in the re-concentration 

of uranium and thorium:

1) it reacted with the wall rocks selectively releasing uranium 

and thorium to the magma

2) it acted as an agent for vertical transfer and reconcentration 

of uranium and thorium within the magma.

The efficacy of both of these processes would be^among other 

things, dependent upon the size and shape of the intrusion and upon the 

attitude of its contacts. The higher average uranium and thorium 

contents of the porphyritic aphanitic dikes compared to those of por- 

phyritic aphanitic stocks of equivalent composition is attributed to the 

greater length / width ratio of the dikes which not only exposes greater 

wall area per volume of magma to the aqueous fluids but also results in 

a more constricted cross section and hence provides a better "concen 

trator" for the volatiles rising from depth. The long narrow quartz 

bostonite dikes in the Central City District, products of extreme 

crystal fractionation, have length/width ratios in excess of 1000 and 

are by a wide margin the most enriched intrusives sampled. Also in the 

Central City District,it was noted that small porphyritic-aphanitic 

plugs presumed to represent ap^cies on larger stocks below, averaged

higher in uranium and thorium then did the larger stocks themselves,

although the bulk compositions were closely similar.

15



Regard!es of factors of shaoe and size,without appreciable 

magmatic differentiation/ enrichment in uranium and thorium significantly 

above normal did not take place. The mafic tholeiitic Iron Dike (length 

62 km, average width, about 30 meters) and the mafic latite dike near 

Rollinsville (length 6.4 km, width 2.44 meters) show little or no 

uranium enrichment in spite of extremely high length/width ratios.

16



Origin of the uraniun and thorium minima and second maxima 

in the intrusive sequence of the enriched phaneritic stocks. 

The uranium and thorium minima evidenced in the members of the 

intrusive sequences of the enriched phaneritic stocks that immediately 

followed the initial high uranium and high thorium members probably 

can be accounted for by a combination of two factors:

1) the magma had been partly devolatilized, having by this time 

given up part of its volatiles to the earlier members that now comprise 

the uppermost part of the crystalline hood.

2) the solidified early rnagma tended to form chill zones against 

the enriched wall rocks thereby effectively insulating the immediately 

following members from contact with the original walls.

By the time the buildup of SiC>2 in the remaining magma had 

attained a critical level, in the range 64-66 percent, fractional 

crystallization possibly acting in concert with a recharge of volatiles 

from the deeper parts of the magma chambers, gave rise to the second 

uranium and/or thorium maximum in the enriched phaneritic rocks. 

This maximum at 64-66 percent SiO^ coincides with the uranium and 

thorium maxima in the porphyritic-aphanitic stocks and dikes taken as a 

whole.

17



The CaO-poor late stage differentiates »
Petrology.  The CaO-poor late stage differentiates include bostonite 

and quartz bostonite, tv/o rock types of special interest because of 

their exceptionally high contents of uranium and thorium, and their 

close ties in terms of space, time, and geochemistry to knov/n pitch 

blende deposits of class II. These rocks are distinguished chemically 

by extremely low MgO and CaO contents, by differentiation indices in 

the range 88-94 percent, and by femic indices in the range 1.2-7.4 

percent. SiCL averages 65.0-67.0 percent in the bostonites and 68-72 

percent in the quartz bostonites.



Quartz ranges from 10-25 percent in the quartz bostonites and from 

5-10 percent in the bostonites. With decreasing quartz, the bostonites 

in turn grade into the more calcic trachytes and into syenite. Iron

oxides, magnetite plus hematite, make up the only mafic minerals
/*>

visible in thin seciton. These constituents weather readily and are

responsible for a marked change of color from tones of lavender, blue 

and gray in the fresh rock to purplish brown and red brown on weathered 

surfaces. Unlike the more calcic porphyries where plagiocalse v/as the 

first feldspar to crystallize, crystallization of the CaO-poor bostonite 

and quartz bostonite began with the precipitation of phenocrysts of 

alkali feldspar. With further buildup of 1^0 and other fluxes in the 

magma as a result of crystllization, temperatures fell below the dome 

of the solvus in the system. Ab.-Or-quartz and 2 feldspars, lath-like 

plagioclase along with shorter stubbier semi-euhedral K feldspar crys 

tallized throughout the groundmass of the quartz bostonite. The 

groundmass shows the typical "bostonite: texture in which the feldspars^ 

mutually sutured against each other but idiomorphic against quartz, 

are arranged in divergent to sub-parallel "swirls". The trachitoid 

arrangement of the groundmass feldspar stands out against the contrast 

ing background provided by the quartz; hence is more obvious in quartz-
/     

rich types. The quartz is also distinctive in texture. In the quartz

bostonites, it forms large irregular patches showing common extinction 

throughout that pocketiticaVhy include numerous semi-euhedral ground- 

mass feldspars. Like the fluorite that occupies triangular areas in the 

interstices between feldspar laths, the quartz in these rocks gives



evidence of having crystallized or recrystallized, later than the other 

rock-forming constituents presumably from an aqueous fluid. Such a 

medium would account for the large size of the individual patches each 

of which represents a single quartz crystal. As previously note^, 

fluorite is relatively common in thin sections of the more uraniferous 

quartz bostonite. In the less uraniferous quartz bostonite it shows 

up in mineral separations but not in thin sections,



The bostonites, quartz bostonites and related CaO-poor late 

stage differentiates may be subdivided on the basis of normative 

Or/Or + Ab ratio into potassic (Or/Or + Ab = 80 - TOO percent), 

sodi~potassic (Or/Or + Ab = 60-80 percent) and sodic (Or/or + Ab = 

30 - 60 percent) types. Feldspar phenocrysts in the potassic and 

sodi-potassic types are sparse generally making up less than 10 per 

cent of the total rock and consequently give a good approximation of the 

composition of the first formed feldspars - a useful P-T-X indicator 

in these rocks. The phenocrysts as plotted on the diagram of 

Mackenzie and Smith (1956) range in structural state from orthoclase 

microperthite (here orthoclase crypta'perthite) downward to subortho- 

clase microperthite intermediate between orthoclase microperthite and 

microcline perthite. Uranium in the potassic and sodi-potassic quartz 

bostonite ranges from 18.1 - 69.8 ppm with 5 out of 6 falling in the 

range 28.4 - 69.8 ppm.



In contrast to the more potassic rocks the sodic bostonite and 

quartz bostonites have abundant feldspar phenocrysts, and these are 

of distinctly higher structural state ranging upward from ourthoclase 

microperthite to sub-sanidine cryptoperthite, Uranium is markedly 

lower (5.9-13.5 ppm) and decreases with rising structural state. Of 

the 5 bostonites and quartz bostonites falling in the sodic group 2 

have phenocrysts falling in the region slightly above the orthoclase 

microperthite inversion curve, uranium in these rocks ranges from 11.5- 

13.4 ppm. These have phenocrysts falling close to or within, the 

field of sub-sanidine cryptoperthite; uranium in these rocks ranges 

from 5.9-8.0 ppm.

Rocks of closely similar bulk compositions show wide differences 

in structural state of their feldspar phenocrysts thereby ruling out 

variations in rock forming components as a source of these differences. 

There is no positive correlation between thickness of intrusive and 

structural state; in fact, if anything, the reverse is true; phenocrysts 

of the lowest structural state tend to be found in the thinner dikes.
h

Such a relationship would seem to rule out differences in cooling rates 

as a cause of the variation leaving differences in F^O content of the 

magma as the pre-eminent control on the structural state of the feldspar 

phenocrysts.



In their exceoptionally low contents of normative An and of femic 

minerals other than iron oxides the bostonite and quartz bostonite

magmas closely approached compositions lying within the simplified
-^ 

system Ab-Or-Q studied by Tuttle and Bowen (1958). One of the
^

quartz bostonites (p 559) was nearly identical in composition to one of 

the synthetic mixtures (Q-10F) studied by Tuttle and Bowen at 3000 

kg/cm^ pressure of HpO. The degree of crystallization at the time of 

"quenching" was nearly the same in both cases as indicated by percent 

phenocrysts in the quartz bostonite and percent crystals in the melt. 

The composition of the phenocrysts in the quartz bostonite (71 percent 

Or) and in the melt (75 percent Or) were in good agreement considering 

the strong curvature of the fractionation curves in this region as 

drawn by Tuttle and Bowen. This and other less direct lines of evidence

led Phair and Fisher (1962) to estimate an HgO pressure close to 3000
?kg/cnr and temperatures close to 690°C in the quartz bostonite magma at

the close of the period of phenocryst formation and at the beginning of 

ther period of intrusion. Such h^O pressures are appreciable in rocks 

of hypabyssal origin and help to explain the high liquidity of the

magma, which enabled it to form long narrow dikes. One quartz bostonite 
dike has a length of 8.4 km and an average width of only 1.8 meters. 
Without f-^O and other fluxes magmas in the composition range range 
represented by these CaO-poor late stage differentiates would be among 
the most viscous of those silicate melts that approximate the composi 
tions of natural rocks.



Lacking hydrous minerals to lock up H?0 it was inevitable that an
',>f7y

aqueous gas phase separate early and in large volume in these magmas. 

A paucity of MgO in the magma prevented the formation of significant 

quantities of hydrous femic minerals. The relatively high F^O content 

is inferred to have given rise to relatively high pressures of 0 within 

the magma as a result of dissociation and leakage of the Hg as formed. 

The relatively high POo is reflected in the formation of hematite in
c?^

addition to magnetite y\ an original constituent in the groundmass.

The relatively high PC^ is believed to have had two important effects
/1) it presented the formation of iron-rich biotite in accordance

with the experimental results of E;fgster and Wones (1962)

2) it oxidized much of the uranium contained in the magma to U in

which state it readily complexes to form the uranyl ion U.0«+ . The
;><.'?/> </ .- 

uranyl ion in turn forms more complicated complex ions, -particularly

uranium carbonate combinations which are stable in aqueous solution over 

a relatively wide pH range. In addition, the hexavalent uranium forms  - / 

compounds with common anions that are highly soluble in aqueous solutions.

As a result of the oxidation of much of the contained u"1"^ to U 

the paths of uranium and thorium which had paralleled each other 

throughout the differentiation history diverged, and large quantities
 </.'«><.>//  v

of uranium relative to thorium were drawn off into the aqueous fluids 

from which the vein forming solutions were derived.



Significance of high ZrO? .  In addition to their high contents of £.  

uranium and thorium, the bostonites and quartz bostonites are character-
/te/s

ized by unusually high 4-eaen- of zirconia. Results of chemical analyses 

on seven bostonites and quartz bostonites from the Central City district 

ranged from 0.05 to 0.19 percent (=1900 ppm) ZHL (Table 20). For 

six out of the seven samples uranium increased approximately linearly 

with increasing ZK^, a correlation that implies one or more host 

minerals common to both elements. The one exception had a very low U 

content for a quartz bostonite (8.2 ppm). In the other six samples, the 

U/Zr02 ratio ranged from 0.035 to 0.076 indicating that if the mineral 

zircon was the main host for the uranium, it would be strongly radio 

active, hence completely metamict and structurally degraded. Such 

metamict material is apt to be semi opaque, cloudy, and with poorly 

defined and variable optical properties; hence it was not identified 

in either thin section study or in heavy mineral separations. Identi 

fiable zircon of lower radioactivity was common. The close association 

of uranium with ZrO£ in these rocks was confirmed in acid leaching 

experiments to be described.



In contrast to the uranium, thorium shows no systemmatic relation 

ship to Zr02 . The Th/Zr02 ratios in the'six samples ranged from 0.127 

to 0.417 indicating total thorium levels far in excess of those that 

can be accomodated in even the most radioactive zircon at temperatures 

of vein formation. Separate hosts for the greater part of the uranium 

and for the greater part of the thorium are indicated. Separate host 

minerals for most of the uranium and thorium are also indicated by the 

results of mineralogical studies to be described and by the results of 

the acid leaching experiments on these fine-grained rocks.

The high Zr02 contents of the quartz bostonite dikes in the 

Central City district is particularly significant in as much as the 

pitchblendes from the associated veins appear to be unique among the 

world's vein-type uraninites and pitchblendes for their unusually high 

Zr02 contents. Zr02 ranged from 4.8 to 5.4 percent in quantitative 

spectrographic analyses of 3 pitchblende samples from the Wood-East 

Calhoun mines (Sims and Sheridan, 1964, p. 19). Zr02 as high as 7.59 

was reported by Hillebrand (1891 p. 65-66) in pitchblende from the same 

area on Quartz Hill in the Central City District. Such high contents 

of Zr02 are well within the experimental limits of solid solution of 

Zr02 in U02 (Frondel 1958). Optical and x-ray diffraction studies of 

the pitchblende ores has failed to reveal the presence of any zirconium 

containing minerals other than the pitchblende itself.

. s



Within the Central City District uraninite-bearing pegmatite 

Silver Plume granite has been cut by the workings of the Lillian Mine, 

in Russel Gulch south of Quartz Hill. The most radioactive sample of 

the broken granite piled up around the collar of the shaft contained 

0.19 percent (=0900 ppm) uranium and 74 ppm thorium. Isotopic Pb/U 

age determinations (Stern, Phair and Newell, 1971) yielded a concordant 

1400 m.y. age confirming the correlation of the pegmatite with the 

Silver Plume granite, a correlation previously inferred in the bases of 

uncrushed texture by Sims (written communication, 1960).



Several lines of evidence point to the uraninite-bearing Silver 

Plume granite pegmatite and associated intrusives correlated with it
^/ /   j j / s;."-*1 ^

as potential sources for the high U and Zr02 contents of the quartz 

bostonites, and of the associated vein pitchblendes 1) The Precambrian 

pegmatite lies about 60 meters across the strike from an early Tertiary 

pitchblende bearing vein worked by the Iron Mine. It lies about 

1800 meters due south of the main pitchblende bearing.area on Quartz 

Hill

2) The Precambrian pegmatite lies very close to a spur off the 

Pewabic quartz bostonite dike. The main center of intrusion of Quartz 

bostonite to which the long linear dikes are either radial or circum 

ferential extended from the lower slopes of Quartz Hill underground to 

Pewabic Mountain where outcrops of the quartz bostonite define a broad 

curving belt. The part of the belt on Pewabic Mountain is close to 

another outcrop of uraninite bearing pegmatite covering several acres 

in outcrop near the head of Virginia Canyon. At one point this pegmatite 

was worked for its uraninite content, but the attempt proved unprofit 

able.

3) Uraninite and zircon in the pegmatite frosa the Lillian Mine 

form a peculiarly intimate association. Excellent euhedral cubes of 

uraninite are intergrown with well crystallized zircon. The uraninite 

euhedra cut across all growth zones of the zircon indicating that they 

completed crystallization prior to the start of crystallization of the 

zircon. The zircon is milk white and strongly metarnict. Photomicro 

graphs of the zircon-uraninite intergrowths are given in Plate I of 
Gcttfried, Jaffe and Senftle (1959)



Uranium and thorium host minerals in the quartz bostonite. Norman 

Herz investigated the distribution of radioactive sources in the quartz 

bostonites (written communication, 1952). Using alpha-sensitive 

stripping.films on uncovered thin sections, he noted strong alpha 

activity associated with zircon and allanite and very strong alpha 

activity associated with scattered grains of isotropic thorite. Lesser 

concentrations of radioactivy were associated with apatite and with 

scattered point sources below the limits of resolution and with dis 

seminations commonly faintly brownish in color distributed along cracks 

and grain boundaries. In the aggregate these unidentifiable point sources 

and disseminations contributed an appreciable fraction of the total 

alpha track population.



Herz separated the accessory minerals from quartz bostonite sample 

P394 (essentially the same as PI 18) using heavy liquid and magnetic 

methods. Sample P394 was chosen because of its unusual freedom from 

alteration although it ranks among the less radioactive quartz bostonites 

in the Central City District. It was collected underground in a cross 

cut in the East Calhoun Mine. In the course of these mineral separations, 

the identifications of the radioactive sources, apatite, zircon, allanite, 

and thorite were verified by measurement of refractive indices and 

other properties in oils under the microscope. The data follow:

Preliminary separations Sample P394

sample after sieving to 165-250 mesh weighed 262.60 grams.

Total light fraction S.G. < 2.8 = 261 g = 99.4 percent

Total heavy fraction S.G. > 2.8 = 1.60 g = 0.61 percent 

The very small heavy mineral fraction (0.61 percent of the rock) 

provides further quantitative proof of the highly leucocratic character 

of the quartz bostonite dikes. Moreover, of this heavy fraction only 

0.09 percent, in terms of the total rock, were found to consist of
/tin) ( ;- /*'

accessory,, other than iron oxides. The iron oxides made up 85 percent 

of the heavy mineral crop and 0.52 percent in terms of the total rock. 

The data are as follows:

Using the Franz Isodynamic separator with the channel set in a 
vertical to steeply dipping position, The 1.605 g heavy mineral sub- 
sample that made up 0.61 percent of the rock was subdivided into three 
fractions:

very strongly magnetic (magnetite 0.14 percent
strongly magnetic (hematitic material) 0.38 percent 
remainder, mainly clean grains 0.09 percent

0.61



The remainder constituting 0.09 percent of the total rock was in 

tyrn separated into moderately magnetic and non-magnetic fractions 

using the Franz Isodynamic Separator. Each of these fractions was 

further subdivided using Methylene Iodide S.G. = 3.2. Individual 

grains were hand picked for optical study. The results are given in 

Table 21.



Acid leaching studies

To assess the Teachability of uranium and thorium in some typical 

intrusives, and to provide chemical evidence on the host minerals of 

these elements, ten gram samples of 13 intrusives including eight quartz

bostonites were finely crushed; each was leached in one liter of cold 
i+J
4 HC1 for 24 hours with continuous stirring. In the 8 quartz boston 

ites from 6.1 to 58.5 percent of the original uranium, and from 29.9 

to 79.5 percent of the original thorium were removed in the process 

(Table 22). In all instances the leaching of thorium in excess of 

uranium led to a marked decrease in the Th/U ratios-of the rock powders 

after leaching. Table 23.



In general, the leaching patterns confirmed the conclusions based 

upon the results of the mineralogical and chemical studies of the
/7*V

unaltered rock. The high Teachability of thorium in the -H4 HC1 

solutions reflects the instability of its major host minerals in such 

a medium. Allanite and metamict thorite decompose readily in dilute 

HC1 leaving a gel made up largely of SiC^. The break dov/n of allanite 

would be expected to release rare earths in considerable excess over

thorium; the semi-quantitative spectrographic analyses on the dissolved
/ + * 

solids in the H4HC1 filtrate provide an order of magnitude measure of

that excess (Table 24). The decomposition of thorite would be expected 

to release significant, but lesser, quantities of rare earths. Conse 

quently, the Th/R.E. ratio will change in both the unaltered rock and 

in the leaching solutions in accordance with the ratio allanite/thorite,

i6 '
«.7-^i



As in the unaltered rocks uranium, but not thorium, increases
n<* 

with Zr02 in the solids obtained after evaporating the U4 HC1 solutions

to dryness, but separate sample suites from Jamestown and Central City 

define separate U-ZrC^ curves. The increase in uranium with increase 

in ZrO£ is particularly marked in the Central City district. Similarly, 

when the uranium content of the unaltered quartz bostonite is plotted 

against percent of original U leached, separate curves are defined for 

the Jamestown and Central City districts. For reasons unknown, the 

percent of original uranium leached declines with increase in original 

U content along both curves. Thorium shows no such relationships. Based 

upon the present samples, the leachability of uranium in the uranium- 

rich quartz.bostonites from the Jamestown intrusive center is nearly 

twice that of the quartz bostonites in the Central City district. It 

is possible to draw the inference from the relatively low leachability 

of the uranium and from the high Th/U ratios of the Central City quartz 

bostonites compared to those at Jamestown that a larger proportion of 

the original uranium present in the Central City magma had been drawn off 

into the hydrothermal solutions that formed the numerous associated 

pitchblende deposits leaving behind a less mobile fraction. However, 

such an explanation needs independent corroboration.

17 
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.
The bostonites and quartz bostom'es as low grade

A

of uranium and thorium

Based upon the uranium and thorium data then available (Phair, 

1952) it was estimated that quarrying the entire surface outcrop of 

the largest strongly radioactive quartz bostonite intrusion in the 

region, the Pewabic body as exposed on the slopes of Pewabic and 

Bellevue Mountains in the Central City District, would make available 

only about 15 tons of uranium and 100 tons of thorium for each 10 feet 

of depth mined. Such tonnage of uranium and thorium by themselves 

would appear to have little short term or middle term significance.

For the long term, however, the fact that leaching in dilute 

acid releases along with part of the uranium and thorium, equivalent 

or greater quantities of Ce, La, Nd, and Zr together with generally 

lesser quantities of Pb, Zn, Cu and Ag (Table 24) would seem to make 

the rocks potential future resources for these valuable metals taken as 

a group. Of these metals released, Ag is the lowest by a factor of 10 

to 100 fold; nevertheless, it reaches a maximum the order of 96 oz. per 

ton of the dissolved solids according to the semiquantitative spectro- 

graphic data (Table 24).



A prime economic consideration is the rate at which acid is 

consumed by reaction with rock forming minerals. Nepheline, calcic 

plagioclase and biotite are either gelatinized or dissolved by reaction 

with acid. As one example, solution of the 15 percent normative 

nepheline present in the nepheline monzonite (P915) from the phaneritic 

stock accounts for the greater part of the 20.4 percent weight loss 

noted in this sample after leaching (Table 22). The change in composi 

tion after leaching and the composition of the dissolved solids (Table 

25) confirm the solution of nepheline. The high rate of acid consump 

tion would seem to impose a restriction upon any future use of nepheline 

bearing alkalisrocks many of which are exceptionally high in U, Th and 

rare earths, in extraction methods based upon acid leaching. Besides 

consuming acid, the solution of large quantities of rock forming 

minerals dilutes the concentration of the valuable metals in the 

dissolved solids and complicates their recovery.

The bostonites and quartz bostonites lack the reactive rock- . 

forming minerals nepheline, biotite, and calcic plagioclase, hence 

the rate of acid consumption is exceptionally low. Total weight losses 

after leaching in these rocks (Table 22) are variable but average 

about 25% of the weight loss measured for the nepheline monzonite 

(P915) and 50$ of the weight loss measured for the hornblende grano- 

diorite (P640). Consequently, the bostonites and quartz bostonites are

attractive from the point of view of acid leaching, not only for their/x
relatively low acid consumption. Most of the acid used up in leaching \
these rocks results from the solution of iron oxides. (Table 25). J\

>^^^,^I^^^^ r^ -- X^T^T^^V
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Effects of hydrothermal alteration

A suite of altered quartz bostonite samples collected from an out 

crop in the Central City district at a point where the abandoned tram 

line crosses the Nigger Hill dike provides a demonstration of the 

Teachability, mobility and short range reconcentration of uranium 

and thorium under hydrothermal conditions.

The dike,at this point, is approximately 84 cm. thick and is 

hydrothermally altered and bleached. The bleaching results from the 

leaching of 25 percent of the original iron oxides. The remaining 

iron oxide has been redistributed as black platy specularite, in part 

as disseminations, but mainly in veinlets that stem off a highly 

radioactive small pod located four inches from the contact of the dike 

with altered granite gneiss and pegmatite. The pod consists of 

slickinsided quartz and lemonite in part coated with a strongly 

radioactive black opaque of unknown mineralogy. Whereas the mass of 

the bleached bostonite (P94) averages 214 ppm If and 1050 ppm Th 

compared to an average of 692 ppm U and 2850 ppm Th for the fresh rock 

from the same dike, the radioactive coat together with about 1 m.m. of 

adhering rocks was found by chemical analyses to contain 0.27 percent 

uranium (=2700 ppm) and C.93 percent thorium (=9300 ppm). The fact that 

the excess of thorium over uranium present in the unaltered rock

(Th/U = 4.1) is preserved in the radioactive coat (Th/U = 3.4) is strong 
evidence that the radioactive coat is in a strict sense a residual 
concentrate from the rock itself and not an exogenic addition.



The fact that thorium is lacking from the hydrothermal veins in 

the region is further evidence of a residual origin for the radioactive 

coat. The process is visualized as one in which the mobile uranium, 

that elsewhere in the pitchblende belt was able to leave the source 

rock and/or source magma and enter the vein forming solutions, was here 

arrested in flight by coprecipitation with thorium and iron oxides.

Though the chemistry of the altering hydrothermal solutions is not
/-^ 

known, certain of their effects parallel those of the -H4 H61 solutions.
T^'J 

Ttete P94 which was pre-leached by the natural solutions showed only

1/2 to 1/3 the total weight loss of the fresh quartz bostonites when
i+** 

leached in fc^HCl. (Table 24). ' The hydrothermal alteration resulted

in an almost complete replacement of ^0 by 1^0 (12.43 percent) and 

the small quantity of 0 remaining (1.59 percent) was farther reduced

to (0.41 percent) by the leaching in K4 HC1 . At the same time, the
t -r -t- 

leaching inJt4"HGl increased the K20 content slightly from 12.43 to

12.7 percent. (Table 25).

As a general, though by no means invariant rule, hydrothermal 

alteration sufficient to bleach any of the Front Range porphyries by

removal of iron diminishes the uranium content by 25-50 percent. These
/ - - + 

levels of uranium Teachability are comparable to those measured in H4'

HC1 solutions. Where the rock is bleached and the original .disseminated 

iron minerals are reconstituted more or less in place into fewer but 

larger crystals of pyrite, the uranium content may stay the same or 

actually increase. The lower mobility of the uranium in such cases 

probably results from the onset of reducing conditions.



  «-
1 Magmatic uranium potential and the delineation of areas c ' j

1   t
2 favorable to pitchblende deposition j
 >r '-"^/^t^-i i

1 L Regions outside the Central Front Range--/Using 7 ppm uranium as the !
! 
I

4 cutoff between "normal" and enriched igneous rocks tables 1-18 show j
i 

  \

 » that enriched Mesozoic-Cenozoic intrusives are almost entirely restric- , 

ted to the Front Range-Wet Mountains axis. The intrusives sampled in

' the ranges to the west are largely calc alkalic, lack CaO-poor late
i

   stage differentiates and show the relatively low range of uranium ; 

" contents appropriate to such rock series.. The intrusives sampled in the 

»-  - bordering parts of the Colorado Plateau are of two types, calc alkalic 

and alkali-calcic potassic; both series are low to very low in range of 

uranium concentrations. Throughout this broad region characterized 

by low contents of magmatic uranium pitchblende deposits of any type 

; are scarce and the few that do occur are not closely associated with 

^Mesozoic-Cenozoic intrusives. . j

Within the Wet Mountains the Mount Fairview stock near Rosfta and 

the rhyolite quartz porphyry plug at the AntrUm mine near Que^ida show 

moderate levels of uranium enrichment. However, ore deposition in the 

veins of the associated thorium district apparently took place under 

conditions that were unusually oxidizing. Consequently uranium moved 

completely out of the veins and associated altered wall rocks whereas 

. thorium was residually concentrated. A compilation of analyses shows 

that the Th/U ratio of the altered wall rocks can reach as high as 1000. 

This environment can only be judged unfavorable to the deposition of 

pitchblende. No pitchblende deposits or occurrences are known in the
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region and uranium minerals of any sort are exceedingly scarce. 

1 Intrusives in parts of the Front Range outside of the Colorado
; C-f'i'r'l^

Mineral Belt-Porphyry Belt have been sampled at .Apple Creek to the 

south, in the Manhattan-Home district to the north and at Whitehorn
. Cri
along the western margin of the Front Range. The intrusives at Appl-e 

'Creek make up an alkalic, sodic, series and show the moderate of 

enrichment common to such series. Two andesites were found to contain 

10.4 and 14.4 ppm uranium, 3 syenites 6.4, 7.0 and 9.0 ppm uranium, 

and 3 phonolites 14.4, 18.4, and 26.0 ppm uranium. Because the same

rocks were not analyzed for major constituents, these data are not 

reported in the tables.

In the Manhattan-Home district, two porphyry dikes having the high 

Si02 contents characteristic of calc-alkalic rocks have the low uranium 

contents 1.9 and 1.4 ppm U expected of such rocks. The nearest 

pitchblende deposit, the Copper King Mine, is more than 10 miles distant 

from the nearest of these dikes.

The Whitehorn stock, located along the western margin of the 

Front Range and east of Salida is a relatively mafic complex made up, 

like most of the stocks to the west, of calc alkalic rocks. Also, like 

the more westerly rocks , it exhibits the normal low range of uranium 

contents (0.8-3.5 ppm).



The Central Front Range

sections have described the geochemical and mineralogical 

relationships that tend to link deposits and showings of uranium 

minerals of classes 1 and 2 in the Central Front Range to a chemically 

and mineralogically distinct late stage differentiates distinguished by 

very low contents of MgO and CaO. The CaO-poor intrusives share a 

widespread characteristic with the veins, the presence of fluorite, and 

two specific characteristics, high uranium and high ZK^j with a specific 

constituent of certain of those veins, the pitchblende.

Significant though these geochemical ties may be in terms of 

genesis, the usefulness of magmatic uranium potential in defining areas v 

favorable foi* finding pitchblende deposits must rest primarily upon 

space relationships. The validity of the space relationships, in turn, 

depend upon adequate area! sampling of intrusives and veins.

In addition to some 250 samples of intrusives of all kinds on which 

both rock analyses and precise uranium and thorium analyses were obtained, 

some 150 others were analyzed by reconnaissance methods for uranium. The 

maximum uncertainty in these reconnaissance determinations was about 

± 10 ppm; though useless for defining trends of differentiation of rocks 

in the "normal" low range, they provide limiting information in working 

out degrees of enrichment above 20 ppm. These analyses are indicated by 

ranges rather than single figures in the tables that follow.



162 other intrusives were analyzed for uranium with a precision of 

about ± 2 ppm in the range 1-10 ppm, intermediate between the precisions 

of the separate methods noted above. These data are of limited useful 

ness in the "normal" low range, but are decidedly helpful in the enriched 

range. Such data is reported as whole numbers without decimals in the 

tables that follow.

In all, some 114 samples of CsO-poor late stage differentiates 

were analyzed by one or more methods,and are listed in the tables 

Quartz bostonite and bostonite make up most of the total, but also 

included are certain sodic albitized leucogranodiorites in the Central 

City district and a few alaskites quartz monzonites in the Chicago Creek 

area. Although gaps in the sampling pattern exist, the numbers of 

samples collected from any one district can be expected to reflect in 

a general way, the abundance of CaO-poor intrusives,mainly dikes.

The veins, accessible workings, and dumps of several thousand mines 

arid prospects scattered throughout the Front Range mineral belt have 

been examined since World War II in part sporadically by prospectors, 

and in part systematically by numerous geologists of the U.S. 

Geological Survey and of the Atomic Energy Commission. Because of the 

sensitivity of the radiation detectors used, the distribution of uranium 

and thorium throughout the belt is probably known in- greater detail than 

is that of any other element. Few areas of similar size elsewhere have 

been as exhaustively prospected. The sampling of the veins in the 

region seems to rest on what is perhaps an unusually solid statistical 

base.
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The magmatic uranium potentials of a particular area or district,

as here defined, is proportional to the product of an intensive factor,
a? 

the average uranium content of the magma ^re^lneasured in the rocks^ that

it produced; multiplied by an extensive factor, the relative volume, or 

abundance of the measured rocks. Because relative magma volumes at 

depths must be judged from the volume of rock at the surface, and because 

the average uranium contents of many intrusives must be based upon 

analyses of single samples, costs and manpower being what they are, the 

magmatic uranium potentials are the best approximations that can be 

made based upon present sampling and the geology as presently known. 

The separate mining districts in the Front Range segment of the Colorado 

Mineral Belt are ranked according to their magmatic uranium potentials 

determined in the manner described above in Table

The hydrothermal uranium potential of a given district is a
^ ,v_7"~» t^ -V-'.X*v ' ' .- J7u /7US;.'!/-''''

measure of its potential economic importance Hh-terms-of-minaWe 
??s"">/'      '. & x^.'j'nf-O '> ->. ",' -.  r.?i" '. V,'Xf

  uranium." The data listed and ranked in Table 21 are those judged 

particularly meaningful on the basis of detailed results presented by 

Sims and coworkers on the staff of the U.S. Geological Survey (Sims and

others, 1963A, 1963B, 1964). For inclusion in Table 27,a class 1 

uranium deposit must have been found to contain at least some ore 

averaging 0.01 percent uranium or better. For inclusion, uranium 

deposits of class 2 must contain at least some ore averaging 0.05 percent

uranium or better; most contain appreciable ore exceeding 0.10 percent 
uranium. Other things being equal, districts with a history of uranium 
productions are weighted more heavily in the ranfcings than are those 
without such a history, whether or not the uranium ore was actually shipped
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In figure 1, rank based upon hydrothermal uranium potential is 

plotted against rank based upon magmatic uranium potential. Though 

the scatter of the points representing the separate districts from the 

line representing perfect fit is large, the positive rising trend is 

clearly evident. The scatter of the points is to be expected in view 

of the nature and limitations of the data which like much other geologic 

correlation is inherently permissive. Agreement in rank between the
. V

magamtic and hydrothermal potential is excellent for the districts of
A

highest and lowest ranks, but is much less clear cut throughout the middle 

range.

.Under the assumption that districts lying well above the line of 

perfect fit (rank in magmatic uranium pottential » rank in economic 

uranium potential) have unfulfilled economic promise, future prospecting 

should be directed towards the Gold Hill, North Gilpin County, Alice, 

Chicago Creek, and Dumont districts   all districts considered to be 

not particularly attractive in the past. Of these, the Gold Hill 

district is considered to offer the most promise because of the 

relatively high abundance of strongly uraniferous CaO-poor intrusives 

in that area.
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For those districts lying well below the straight line in which 

rank based upon magmatic uranium potential falls far short of rank 

based upon hydrothermal uranium potential, a number of explanations 

are possible, one of which is, of course, that the inferred relationship 

simply does not apply in those cases. Another explanation is possible 

in the case of the Caribou Mine, wjiere the pitchblende was encountered 

at depths of about 1000 feet (304.8 meters) in the mine ~ perhaps
{,/,?/. ..?/ _-.' s

genetically related/7 intrusives are present at depth, but have not

been found because they are not exposed in the mine workings or7,present 

erosion surface. From what is knov/n of the provincial magmatic 

differentiation patterns, hov/ever, the possible presence of CaO-poor 

late stage intrusives in this particular enviornment (alkali-calcic 

potassic) seems remote.

The uranium minerals in the mines of the Fall River district 

occur primarily in northwesterly trending veins at points at which 

those veins cut calc-silicate rocks high in ferrous iron   two 

attributes characteristic of deposits of class 3. Though included by 

Sims and others (1964) with deposits of type 2, they conceivably could 

be of different origin.
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The Central City District

The Central City district is unique among, all districts in the 

Front Range for the volume of CaO-poor late stage differentiates

jpresent, for the very high levels of uranium and thorium contained in
I
many of those CaO-poor intrusives, for the number of showings of

uranium ore present, and for the tonnage of pitchblende of class 2 

'actually minetf in the past. The p.i.tchb.lende occurs in gold-silver-

jbase metal veins of varied mineralogy and paragenetically was among
i
jthe earliest of the metallic constituents to precipitate. The de-

Iposition of the.pitchblende appears to have followed closely the
i
intrusion of the uraniferous CaO-poor intrusives, namely bostonite

i
!and quartz bostonite that closed the cycle of igneous activity in 

jthe district.

i The relationships between the intrusive and the pitchblende
i
'deposits in the Central City district were investigated by Phair (1952)
j
jusing the less accurate uranium and thorium data on the igneous
I
rocks then available. The conclusions of that report have been 

generally substantiated, and in many instances sharpened, by (1) 

subsequent geochemical work based upon uranium and thorium data of
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increased accuracy as reported in this paper and, (2) by the detailed 

field work of Sinus and coworkers (1963 A) who described many 

new occurrences of pitchblende from the district most of which were 

spatially associated with CaO-poor late stage differentiates.

Stocks, plugs, and dikes are scattered through out the broad 

area of mineralization. All intrusives in this district are relative 

ly low in CaO compared to their counterparts elsewhere in the Mineral 

Belt-Porphyry belt with CaO becoming vanishingly small in many 

quartz bostonites. Wells (1960) divided the monzonite and monzonite 

porphyry of Bastin and Hill (1917) into granodiorite and minor quartz

monzonite and bostonite. This classification is chemically sound.
&

A model classification would move the granodiorite towards monzonite
/V?'*&/-//'.' ->

owing to the high proportion of alkali feldspar remitting from the 

solid solution in these relatively high temperature K-feldspars of 

substantial quantitities of the alb/ite module. Actually no 

classification of these rocks is wholly satisfactory. The quartz

contents of the granodioritic rocks as in most alkali calcic sodic
J.''c' 

rocks in relatively low (11-13 percent, Table ) and only slightly

exceeds' the 10% generally considered to be the cut off betwe'en the 

monzonite-syenite and granodiorite-granite lines of descent. Those 

monzonite porphyry dikes of Bastin and-Hill (1917) that Wells re-named 

bostonite are perhaps better classified as leuco granodiorite. Like

i'. .'i. <:t'VK»HM:.s r I'liiNTiw; ui-KICK : iis? U-MIITI
867-Mi)
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bostonite they are CaO-poor, but unlike bostonite they lack the 

typical bostonite texture, contain plagioclase phenocrysts in addition 

to those of alkali feldspar, and are commonly strongly albitized.

The principal bostonite and quartz bostonite intrusives -from- long,

narrow dikes up to 8.4 kilometers long and 3 to 8 feet wide.
/

.rVancetier containing less than 5 percent phenocrysts are very highly 

uraniferous (30-70 ppm U), those containing 5-15 percent phenocrysts 

are highl-y-urarrferic to intermediate in uranium contents, and those 

containing more than 15 percent phenocrysts tend to be weakly to 

moderately uraniferous. Most, but not all, of the bostonite and quartz 

bostonite dikes are limited to the western half of the district, where-

13 ias granodiorite is concentrated in the eastern half.

14

15-

\f,

17

IS

The Central City district is also notable for the immense 

number, and varied mineralogy of "tne vein deposits included within 

its boundaries . The veins follow a swarm of NE-SW trending faults 

that are generally short but in some instances range up to 3.2 km 

in 1-ength. As noted by Sims and others (1964 p. 73) the district

ranks first in metal production among all mining districts in the
.,;,;./ ,'/ .-,/ 

Front Range. It has a total output valued at $100 million of which
A '1

gold makes up 85 percent, silver nearly 10 percent, and base metals 

plus uranium makes up the remaining 5 percent. Sims and others (1963A) 

estimated the total uranium production of the district as about

':. s. r:nvK!!\MKNT i T IN r INC; OKFKT : 1019
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13

110,000 Ibs. of U 0 , most of which came from the Wood and Kirk 

mines on Quartz Hill.

The mesothermal nature of the ores was confirmed by the range of 

sphalerite formation temperatures obtained by Sims and others 1961. 

A well developed area! zonation first described by Bastin and Hill 

(1917) and delineated in greater detail by Sims and others (1963A) 

centers about a core of pyrite ore south of Central City, an area 

characterized by the largest volume of intrusives. Successive 

outer zones more or less concentra4es to the pyritic core consist of 

a transitional zone characterized by copper and an outer base metal 

zone. Gold is concentrated in the transitional and base metal ores. 

Silver is present in transitional ores but is more concentrated

14 in the base metal ores. Uranium is found in all three ore zones
t
ibut is more abundant in the ore of the transitional and base metal

17 Z°ne ""  

The uranium bearing mines make up a belt and several smaller18 i
jclusters. The main pitchblende bearing belt is about 1200 metres long
i 

?0 by 500 metres wide with its longer axis trending a little west of

?i north across Quartz Hill sub parallel to the more northerly trending 

:>:- of the associated quartz bostonite dikes belonging to the Wood system. 

Approximately 40 veins cut the pitchblende belt of which some 17 have 

been extensively worked. Four of these veins have a history of

'. x i.ov t-.i:N:.<t:N r CHINCIM.; un-u'fc: i'*->9 o-siu/i
, 8*7-100
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pitchblende production and at least 8 others have yielded ore 

samples containing more than 0.10 per cent uranium. Throughout 

the pitchblende belt nearly all of the pitchblende,was found at 

points less than 1000 ft (304.8 metres) from one of the highly urani- 

ferous quartz bostonite dikes; most came from points less than 500 

ft. (152.4 metres) distant.

The close association between the pitchblende deposits and the 

quartz bostonite dikes is particularly significant genetically in 

as much as the NNW trend of the pitchblende belt transects at a wide 

angle the NE-SW trend of the associated veins and of the boundaries 

between the ore zones. The one constant factor controlling the

I f ̂ Y"jdepositing- of the.pitchblende appears to have been a quartz bostonite 

magma source at depth from which-be-ttrthe dikes now exposed at the 

surface and the pitchblende bearing solutions were derived. The 

main magma chamber is inferred to have extended at depth from

a center on the lower slopes of Quartz Hill, from which the Wood
i i
I system of dikes originates, southward to a center of intrusions on
1
Pewabic Mountain, from which the uraniferous dikes of the Pewabic 

system radiate. The magma chamber like the dikes which it fed 

was probably long and narrow. The main Wood dike as traced to 

the north west out of the Central City district is 8.4 km long and 

must have been fed from an extensive chamber.

c. s. GOVI- I;N%TI:NT f(:i\riNf. OKTK'K o-Mii7i
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Outside the Quartz Hill area in Russell Gulch approximately 

along the trend of the main pitchblende belt as projected some 3500 

ft. (1066.8 metres) to the south are two pitchblende bearing mines, 

the Iron and the Old Town. Both are located less than 350 ft. 

(106.7 metres) from a NNW-trending branch dike from the highly 

uraniferous Pewabic quartz bostonite dike and less than 1000 ft. 

(304.8 ) metres from the main Pewabic dike itself. Less than 800 

ft. (243.8 metres) to the east of these mines is the Lillian 

mine, the shaft of which was driven into the Precambrian uraninite-' 

bearing Silver Plume granite pegmatite described earlier.

Near the southwestern corner of the Central City district

13 (pitchblende has been found in the Gold Rock vein. This vein lies
|
jat a distance no greater than 300 ft. (91.4 metres) and,.at its point 

of closest approach, less than 50 ft. (15.2 metres) from the weakly
16

j uraniferous California bostonite dike.
i> I

Near the northwestern boundary of major mineralization in the
18 | £"e.'.~<s.£'4f

! Central City district north of-&*rks Gulch on Nigger Hill are 3
19 I

I

1 uranium bearing mines, the Carrol!, Two Sisters and Claire Marie. 

Uranium ore is known to have been shipped from the first two of these 

mines. The 3 mines are clustered closely together about the point of 

confluence of the two main NW trending branches of the very highly 

uraniferous Nigger Hill quartz bostonite dike. AIT uraniferous parts

15-

?4
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of the three veins lie within 500 ft. (152.9 metres) of one or the 

other of the two quartz bostonite dikes.
/.r

Southwest of the uranium bearing mines on Nigger Hill a-pe the 

Rara Avis vein the uranium bearing parts of which lie within 500 ft. 

(152.4 metres) of the very highly uraniferous Prosser Gulch quartz 

bostonite which trends NE-SW. Along the extension of the Prosser Gulch 

dike as projected about 400 ft. (152.4 metres) to the NNE is the 

shaft of the uranium bearingBullion vein, Neither of the mines on 

these two veins has a history of production so far as is known.

Near the eastern limit of the mineralized area in the Central 

City district on the slopes of Justice Hill is the Bonanza mine from

13 jwhich uranium ore is known to have been shipped. The vein lies withini

1000 ft. (304.8 metres) of the highly uraniferous Pewabic quartz!

bostonite dike. Southwest of the Bonanza mine are the uraniferous
16

Cherokee and Little Annie mines. These mines Vie-within 2200 ft.
17

(670.6 metres) _of the Pewabic quartz bostonite dike and less than 750
A

1U I

jft. (228.6 metres) from a plexus of short dikes mapped as bostonite
19 II ~,

|by Sims and others (1963) that cut the Banto Hill granodiorite Pluton .

These dikes are CaO-poor, moderately uraniferous, and are among those,21

22

24

perhaps, best described as leucogranodiorite. No ore is known to have 

been shipped from the two mines.

^5-3 T' I'. s - OOV KICN'.tl-'NT i'MINTIMO OI-'Klf F: : MS"? O - < I i I 71
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The Blackhawk no. 2 Lode on Silver Hill is the only uraniferous 

mine in the district not associated with CaO-poor late stage intrusive 

dikes, nor, in fact, is it associated with intrusives of any kind. 

The nearest bostonite dike as exposed at the surface was mapped by 

Wells (1960) nearly 300 ft. (914.4 metres) distant in a northwesterly 

direction. A few tons of uranium were said to be mined, but not 

shipped, from the Blackhawk no. 2 Lode. Sims and others (1963A).

The analyses presented in the tables show that the 

quartz bostonite dikes in the Central City district are among the 

most radioactive igneous rocks (as distinct from igneous segregations

12 land pegmeatites) so far reported. They appear to be unusually

13

14

15-

16

17

closely linked genetically via space, time, and geochemical b 

to actual deposits of pitchblende. Uraniferous solutions derived 

from the crystalizing quartz bostonite magma at depth apparently 

merged with the more regional gold-silver-base metal bearing solutions

|and after traveling no great distance from their source precipitated
18

19

20-

21

22

23

24

along with abundant pyrite as reducing conditions set in during 

the early stages of vein formation. Consequently most of the uranium 

is now found in relatively close association with the steeply 

dipping CaO-poor dikes that are the surface expression of the deeper 

uranium source magma (Phair 1952). Sims and others (1963B, p. 53) who 

mapped the ore deposits tested and adopted the above mode of origin

OC- i'. -s. c.DVKitNMKN r pru.NTiNL; oi-'Kirt: i i'»'. ) o- sni7i
* 8R7-1JU
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for the uranium in the Central City district.

Some concentrations of uranium minerals found in particularly 

close association with hydrothermally bleached quartz bostonite 

probably reflect the short range transport and recrystallization of 

uranium leached from the dikes after their solidification. Sims 

and others (1963B p. 104) inferred that quartz bostonite was the 

source for nearby concentrations of the uranium sulfate, zippeite 

in the Diamond Joe Tunnels just south of the Central City district. 

In an earlier section the reconcentration of both uranium and 

thorium in strongly radioactive coatings on altered quartz bostonite 

in the Nigger Hill dike was described. Though high grade uranium 

pods can be expected to result from the leaching process, the volume 

of bleached bostonite present is usually small. In such cases 

mass balance considerations require that the volume of uranium mineralsj 

so formed also can only be small, and therefore probably non 

commercial .

20  

21

24
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